Purpose -The purpose of this paper is to review the prevalence and risk factors of work-related musculoskeletal disorders (WMSDs) among healthcare workers (HCWs) in order to ascertain the occupation with the highest susceptibility to WMSD in the health sector. This paper will also review the effective interventions which have been used to prevent WMSDs among HCWs. Design/methodology/approach -This study is a literature review of 11 papers related to the prevalence and risk factors of WMSDs and 12 papers about the interventions being used to prevent WMSDs among HCWs. The papers were retrieved from respectable databases such as PubMed, Science Direct, Google Scholar and E-Thesis. Findings -Nurses belong to the major group of HCWs who had the highest prevalence of WMSDs compared with other health professionals and other hospital workers. Although there are several interventions being commonly used to prevent WMSD risk factors, some interventions were unsuccessful in the prevention of WMSDs in healthcare tasks. Therefore, it is necessary that future research focuses on the tasks of HCWs that are WMSD risk factors and tries to innovate or redesign ergonomic workstations to prevent those risk factors. Originality/value -The expected benefit of this study is to motivate ergonomists to provide appropriate and innovative interventions to ensure health and safety for nurses and other HCWs.
Introduction
Musculoskeletal disorders (MSDs) are disorders that occur in the muscle, tendon, ligament, bone, joint, intervertebral disc and skeleton of the whole body. In general, diagnosis of MSDs caused by work is accepted by an agreement in each country. In 2007, the Ministry of Labor in Thailand, classified MSDs as being within the group of occupational diseases. The Bureau of Policy and Strategy in Thailand's Ministry of Public Health reported an increase in the morbidity rate of work-related musculoskeletal disorders (WMSDs) from 121.93 per 100,000 persons per year in 2015 to 135.26 per 100,000 persons per year in 2016. Due to this rapid increase, there is an urgent need for innovation in ergonomic interventions to prevent an increasing health problem among the workforce [1] .
WMSDs are one of the most common health problems among healthcare workers (HCWs). Previous studies indicated that HCWs, whose responsibilities include carrying, transferring or relocating patients, regular forward bending of the whole body and prolonged standing, were exposed to a high risk of WMSDs in the neck, lower back and knee regions [2, 3] . Moreover, a study by Yasobant and Rajkumar [4] showed that HCWs working in a prolonged sitting, standing, awkward posture or cramped positions put employees at a major risk of WMSD. There are personal factors to WMSDs as well. Mirmohammadi et al. also reported that female HCWs were more prone to develop WMSDs than male HCWs and that the body mass index of the HCWs was also related to WMSDs [2] . Specifically, nurses had the highest prevalence of WMSDs compared to dentists and physical therapists, while laboratory technicians and physicians had a lower prevalence [5] . Also, Manmee et al. reported that Thai nurses had the highest prevalence rate of WMSDs when compared to support staff in hospitals [6] . Although there is research regarding the prevalence and risk factors of WMSDs in HCWs, there are no cross comparisons between each occupation in the healthcare sector.
Therefore, this paper reviews the existing literature on the prevalence, risk factors and prevention of WMSDs among HCWs to find the occupations that have the highest prevalence and related risk factors of WMSDs. The emphasis is on workstation redesign and innovative approaches to reduce or to prevent WMSDs among HCWs according to their job characteristics and postures [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Methods
Papers published between 1990 and 2017 were selected from respectable databases such as PubMed, Science Direct, Google Scholar and E-Thesis. Keywords used to search for these papers included: WMSDs, healthcare workers, physicians, dentists, physical therapists, pathologists, laboratory technicians, allied health professions, nurses, hospital workers, ergonomic design, workstation, guidelines and scientific tools such as electromyography (EMG), 3-D electromagnetic tracking system, lumbar motion monitor (LMM) and anthropometric measurements. Inclusion criteria included studies that showed prevalence and risk factors of WMSDs in each body part. In total, 11 papers about the prevalence and risk factors of WMSDs among HCWs were selected for review. In total, 12 additional papers were reviewed to explore the guidelines and the innovative interventions that can reduce or prevent the risk factors of WMSDs in each body part. Studies that report a result of the intervention suggested following a self-report questionnaire survey were excluded.
Results
There are many groups of HCWs in the hospital setting including physicians, dentists, nurses, physical therapists, laboratory technicians or allied health professions. Almost all HCWs had reported problems that are categorized under WMSDs. The common WMSDs among HCWs included the upper and lower back, neck, shoulder and hand/wrist. Risk factors were repetitiveness, awkward postures, working in the same position for long periods and bending/twisting of the back for physicians. Eye care physicians experienced a higher prevalence of WMSDs in all body parts compared to family medicine physicians [18] . Dentists were also found to work with prolonged periods of time sitting in inadequate ergonomic working environments. That is why dentists have the highest prevalence of overall WMSDs (92 percent) [19] . Additionally, physical therapists and allied health professions who work in laboratories work with prolonged use of medical devices such as microscopes and sonographs. WMSDs among physical therapists were mainly in the lower back (46.5 percent), shoulder (45.2 percent) and neck (44.9 percent) [20] , while the overall WMSDs among other allied health professions such as microscope workers, pathologists and radiologic technologists were 62, 76 and 88.9 percent, respectively [21] [22] [23] . Among nurses, the overall prevalence of WMSDs was about 55.6-91.7 percent. When focusing on the body part, nurses have the highest prevalence in the shoulder (12.6-64.4 percent) followed by lower back (44.1-58.5 percent), upper back (16.8-44.9 percent) and hand/wrist (16.2-36.1 percent) because 372 JHR 32,5 they work with more tasks requiring patient handling and transfer or lifting of patients/ equipment than other HCWs [3, 24, 25] . Table I shows the prevalence and risk factors of WMSDs among HCWs in each body part from the selected papers.
Regarding interventions, the redesign of workstations and guidelines were used to prevent risk of WMSDs. These interventions vary according to the HCW's working postures and job characteristics. From previous research, the scientific tools used to measure between, before and after intervention included: EMG, 3-D electromagnetic tracking system, LMM and anthropometric measurements. For the subjective tools, they used modified WMSD questionnaires, satisfaction forms and comfort scales. Results show that the interventions not only reduce muscle activity, but HCWs were also satisfied when they used the new workstation. For example, an ergonomic dentist chair with an arm rest and thoracic support was used to reduce WMSDs in the upper limb [7] . Microscope workstations with arm support also reduced WMSDs in allied health professions who work in laboratories when analyzed by EMG [9, 10] , while the self-report questionnaires showed satisfaction with the new workstation [10] . Since nurses show the highest prevalence of WMSDs when classified by body region, there were many interventions recommended. However, from previous research, interventions cannot prevent all risks of WMSDs in nurses [11] . Table II shows the workstation and guidelines that previous research recommended to use for the prevention of WMSDs among HCWs. Table I shows that WMSDs among HCWs occurred primarily in the upper body part including lower and upper back, neck and shoulder, while Table II shows the interventions and guidelines that help to prevent WMSDs among HCWs. It must be noted that all interventions and guidelines were designed by considering the job characteristics that include risk factors of WMSDs.
Discussion
A previous study [18] found that physicians were exposed to patients in the same working posture resulting in repetitive work, awkward positions and bending or twisting the back. Similarly, dentists, worked with repetitive head rotation, spine rotation and prolonged leg bending resulting in dentists complaining about WMSDs [26] . Furthermore, bad working habits and uncomfortable physical postures are the causes of MSDs, discomfort and fatigue among dentists [27] . Regarding these working postures, Haddad et al. [7] found that the ordinary dentist chair was a risk factor that caused WMSDs in the trapezius muscle among dentists so they designed an ergonomic dentist chair with an arm rest and thoracic support. The result showed that the ergonomic dentist chair reduced EMG activity in the trapezius.
Among laboratory technicians, Fritzsche et al. [21] found that the prevalence of WMSDs in pathologists who are microscope users was 76 percent, whilst pathologists with visual problems, mainly myopia, was at 90 percent . Jain and Shetty [22] indicated that 94 percent of microscope users in the laboratory reported some visual problems during microscope use, while WMSDs of microscope workers were reported in the neck, back, shoulder and wrist and hand regions, respectively. There are many interventions and guidelines to prevent WMSDs in laboratory technicians, i.e., the guidelines of Mitchell et al. [14] , and the Centers for Disease Control and Prevention [15] . Also, the Occupational Safety and Health Administration guidelines for microscope workers suggested that the standardized microscopes should be ergonomically designed as shown in Table II [16] .
There are many studies aimed at reducing the problems of WMSDs in laboratory-based microscope workers by redesigning new ergonomic workstations. For example, in 2002, Kofler et al. [9] designed a new microscope workstation by using a table fitted with unique adjustable slanting "wings," also allowing the forearms to be angled at 90 o at the elbow and to rest on the surface while operating the control knobs and sitting on the ergonomic chair 
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Work-related musculoskeletal disorders with support for the lower back. The result showed that the new design of an ergonomic workstation can reduce EMG activities in the microscope workers' muscles. Another example is the study of Sillanpää et al. [10] who designed a new ergonomic microscope table with forearm support for microscope workers. They found that the new ergonomic microscope table reduced EMG activity of muscles in the neck and shoulder, and that microscope workers in their study were satisfied to work with the new ergonomic microscope table. In 2010, Sillanpää and Nyberg [28] recommended the design of microscope workstations that should have forehead and support of the upper extremities and good sitting postures with chair adjustments and variation in posture. Helander et al. [17] also recommended that using ergonomic microscope workstations and introducing training programs can reduce visual problems and muscular fatigue in microscope workers.
Similarly, workers in the radiology department spent more time in front of a computer monitor. Factors including lighting, temperature and ventilation, special circumstances, noise, personal factors and training were found to be related to repetitive strain injuries. In 2004, Lama [23] reported that the radiology technologists reported a prevalence of musculoskeletal symptoms in the back, right hand/wrist and dominant hand/wrist, right shoulder and dominant shoulder. For guidelines and interventions to reduce WMSDS in workers in the radiology department, Goyal et al. [13] discussed the key features of an ergonomically designed workstation and reporting room in the radiology department that can be used as the guideline to design a good workstation because the working environment and working conditions were also found to be related to WMSDs. Specifically, regarding sonographers in the radiology department, Murphey and Milkowski [8] studied about an adjustment of sonographer scanning postures. They indicated that the EMG activities of the muscle in the shoulder and forearm were decreased when the sonographer changed their working posture to near natural position and used the support under the forearm when they used their instruments.
Among physical therapists who work with patients with physical problems, they were found to work with awkward postures in their physical therapy practice. Weerapong et al. [20] reported that the highest prevalence of WMSDs among Thai physical therapy students was in the lower back followed by shoulder, neck, upper back and wrist/hand. This is because Thai physical therapy students must work in prolonged seating positions during their physical therapy training. Bae and Min [29] reported that WMSDs among the physical therapists were mostly found in the shoulders followed by hand and back, neck, arm, hip and knee, respectively. Moreover, a previous prospective cohort study with one-year follow-up [30] reported that the incidence rate of WMSDs among physical therapists was 20.7 percent.
Similar to physical therapists, nurses have to take care of patients with physical disabilities and patients who cannot help themselves. Nurses in particular are required to take care of all patients in all units. Furthermore, previous studies [5, 6] show that nurses were at the highest risk of developing WMSDs when compared with other healthcare workers and support workers. Tinubu et al. [3] indicated that the 12-month period and point prevalence rate of WMSDs in any part of the body among Nigerian nurses were 78 and 66.1 percent, while most WMSDs occurred in the lower back, neck and knees, respectively. Thai nurses also had a high prevalence rate of WMSDs because they were exposed to physical workloads, non-neutral working postures and a psychologically demanding workload. Sinsongsuk et al. [24] reported that the 12-month prevalence of WMSDs among Thai nurses was about 55.6 percent. Common areas of the body that were found to be related to WMSDs were lower back 33.4 percent, shoulders 19.8 percent and upper back 19.4 percent. In 2011, Jin et al. [25] reported that 92 percent of Thai nurses had WMSD symptoms in their body a 12-month period during which time 54 percent of them visited a physician or physical therapist, while common injury areas related to their work were lower back, shoulders and neck. The top 3 major hazards of their workload were nursing management, repositioning patient in bed and preparing and distributing medication, while 380 JHR 32,5 the top 3 major hazardous working postures were neck/shoulder in non-neutral posture, bending and twisting waist in awkward posture and prolonged standing.
Literature reviews [24, 25, 31] showed that lower back pain was a major cause of WMSDs among nurses. Based on three hazard categories developed by Nelson et al. [32] , the author studied patient handling tasks for nurses. They focused on the ten high risk tasks in order to redesign new working postures and used this tool to collect data shown in Table II . The interventions proposed in their study included manual assistive devices, mechanical devices and administrative management. When they applied ten interventions to ten tasks, the results showed that the biomechanical and EMG data in all interventions were statistically different between the intervention and non-intervention groups in joint moments, forces and muscle activity [11] . However, three out of ten interventions cannot prevent all risk of WMSDs including, i.e., bathing patient in bed (under side), making an occupied bed and dressing a patient in bed. Therefore, future research should investigate the tasks of nurses that are the risk factors of developing WMSDs and develop innovative ergonomic workstation designs to effectively prevent WMSDs in nurses.
Weiner et al. [12] studied about repositioning a passive patient upwards in bed by choosing an assistive device including regular cotton sheet, sliding sheet and carrier and predicted the risk for low back disorder based on the LMM torso kinematic inputs. The result showed that assistive devices used by nursing personnel had a significant influence on the back, upper limbs, shoulders and neck loading, and the result from the focus group indicated that nurses were satisfied to use the sliding sheet because it can be kept under the patient for extended periods, while using a carrier required extracting it out after every repositioning of the patient.
From the above discussion, it can be seen that many guidelines and new ergonomic workstations were designed according to the position of work and job characteristics. When they compared the EMG activities between before and after intervention, EMG activities in after intervention were found less than before intervention. However, if the intervention by workstation redesign has some limitations, the guidelines or administrative controls will be used.
Conclusion
The most common interventions used in HCWs were introducing arm support and height adjustments. WMSDs among HCWs were found to vary based on the position of work and job characteristics. Therefore, in future research, workstation redesign should also be considered according to the position of work and job characteristics of HCWs. This literature review offers evidence that the ergonomically designed workstation is the recommended intervention that can reduce and prevent the risk factors of WMSDs among HCWs in terms of muscle activity, force and job satisfaction. This study provides directions for future research on developing ergonomic intervention or innovation to prevent the risk factors of WMSDs among HCWs.
